
 





COOPERATIVE NATIONAL PARK RESOURCES STUDIES UNIT 
UNIVERSITY OF ARIZONA 

125 Biological Sciences (East) Bldg. #43 
Tucson, Arizona 85721 

 
R. Roy Johnson, Unit Leader 

National Park Service Senior Research Scientist 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TECHNICAL REPORT NO. 9 
 

VEGETATION OF GRAND CANYON NATIONAL PARK 

Peter L. Warren , Karen L. Reichhardt , David A. Mouat 
Bryan T. Brown, and R. Roy Johnson 

Applied Remote Sensing Program, Office of Arid Lands Studies 
University of Arizona 

and 
Cooperative National Park Resources Studies Unit 

University of Arizona 
August 1982 

*The order of the first two authors was determined by the toss of a coin. 

NATIONAL PARK SERVICE/UNIVERSITY OF ARIZONA 
Contracts No. CX8210-7-0028 and CX8000-9-0033 

CONTRIBUTION NO. 017/06 



FOREWORD 
 

This technical report is a revised version of "The Vegetation of Grand Canyon National 
Park," a final report on a five-year cooperative study by the Applied Remote Sensing Program, 
Office of Arid Lands Studies, University of Arizona (OALS) and the National Park Service 
(NPS) which was authored by David A. Mouat, Karen L. Reichhardt, and Peter L. Warren, and 
submitted to the NPS by the OALS in 1981 on completion of their work under USDI National 
Park Service contracts numbers CX8210-7-0028 and CX8000-9-0033. This Technical Report 
No. 9 includes two major additions to the original, 1981, report: 1) a major expansion of the 
methodology section in response to requests from the staff of Grand Canyon National Park, and 
2) additional habitat and other ecological information regarding vegetation within the park. 

 
Information from other classification and mapping efforts has aided in the preparation of 

this revision which includes work by Peter S. Bennett, NPS Research Scientist, who began 
mapping segments of the North Rim of Grand Can yon National Park during the early 1970's. A 
detailed map of the canyonbottom vegetation, bordering the Colorado River, has been produced 
largely through the efforts of Museum of Northern Arizona scientists under the direction of 
Steven W. Carothers, based on information from the Colorado River Research Program (Phillips 
et al. 1977). 

 
The basic classification scheme used for the Grand Canyon maps is that of Brown, Lowe, 

and Pase (1979). The Brown, Lowe, and Pase system, as it pertained to Grand Canyon, was 
further clarified through personal discussion with those three scientists. However, Mouat, 
Reichhardt, and Warren refined the final scheme and developed the type descriptions necessary 
to map the vast complexities of Grand Canyon vegetation. 

 
Others who contributed to our work are acknowledged in the body of the report. Through 

these collective efforts this document has been designed to serve as the state of the art in the 
classification and mapping of one of the world's most diverse ecological areas. 

 
 
 
 
 
 
R. Roy Johnson 

 Unit Leader, Cooperative National Park  
Resources Studies Unit/Univ. Ariz.
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INTRODUCTION 

When C. Hart Merriam visited the Grand Canyon in 1889 during a biological survey of 
the Coconino Plateau region he wrote of the canyon's vegetation as "a world in itself." 
Significantly, the map he drew of the "Life Areas " (a concept he later developed into his much 
debated Life Zones) of the Coconino Plateau and Painted Desert area ended at the canyon rim 
(Merriam, 1890). The vegetation complexities created by the canyon's extreme topographic relief 
and intricate mosaic of geomorphic features defeated his efforts at broad classification. 

Since that time, the canyon has been the subject of study by a series of botanical 
investigators, notably Clover and Jotter (1944), Merkle (1962), Phillips (1975), Phillips and 
Phillips (1979) and Turner and Karpiscak (1980). However, most studies have concentrated upon 
areas with relatively easy access, such as along the river, the canyon rims and major trails, while 
the extensive, inaccessible backcountry remains largely unknown. 

The Grand Canyon is located in an area of unique transition between the cold-climate 
communities of the Colorado Plateau and Rocky Mountains and the warm-climate communities 
of the sub-Mogollon Southwest. The canyon itself forms a giant cleft in the southwest corner of 
the Colorado Plateau, creating a corridor along which species from both regions are brought into 
close geographic association. The tremendous variety of landforms and geologic features in the 
canyon results in a diversity of vegetation associations unique for any area of comparable size in 
North America. Cool shady canyons support forest trees while desert shrubs may thrive on 
nearby rocky slopes. Expansive bedrock terraces serve as water catchments and allow growth of 
an unexpected variety of mesic species together with drought tolerant desert plants. A study of 
vegetation composition and distribution in an area of such complex intergradation would 
contribute to the understanding of patterns of plant distribution throughout the Southwest. 

The work described here is the first comprehensive description of the vegetation of the 
Grand Canyon. It was begun in 1977, when the National Park Service contracted with the 
Applied Remote Sensing Program (ARSP), Office of Arid Lands Studies, University of Arizona, 
to undertake an investigation designed to result in a set of four vegetation maps for the entire 
Grand Canyon National Park at a scale of 1:62,500. The function of the maps is for use in 
making management decisions and for providing a time reference for use in assessing future 
changes in vegetation resulting from those management decisions, or resulting from other natural 
or man-caused perturbations. 

In addition to the 1:62,500 scale, other basic project specifications called for a vegetation 
classification system to be modified from the system developed by Brown, Lowe and Pase 
(1979), and a level of mapping detail commensurate with the complexity of the vegetation and in 
accordance with the scale of the project (this would result in minimum mapping units ranging in 
size from 10 acres for highly contrasting vegetation types, particularly wetland areas, to 40 acres 
or more for less contrasting types). 

The production of the vegetation maps for the Grand Canyon called not only for the 
development of a vegetation classification system, but also for a mapping methodology which 
could accommodate the arid and semiarid landscape of the park, where vegetation is not visible 
on medium-scale aerial photography. The mapping methodology developed for this project 
involved the use of remote sensing techniques including extensive ground data collection. On 
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account of the nearly inaccessible terrain, an additional input was needed to achieve suitably 
uniform mapping standards. That input was the use of the correlation of terrain features with 
vegetation. 
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Physical Setting 

Location 

Grand Canyon National Park, located in northwest Arizona, comprises an irregularly-
shaped area of approximately 2,200 square miles (Fig.1). It is situated at the southwestern edge 
of the Colorado Plateau. The park occurs within an area of exceptionally high relief created by 
incisement of the Colorado River into a surrounding plateau. In the vicinity of the park the river 
separates the Kaibab Plateau to the north from the somewhat lower Coconino Plateau. Elevations 
vary widely, ranging from over 9,100 feet (approximately 2,750 meters) on the Kaibab Plateau to 
a little over 1,000 feet (300 meters) along the river adjacent to Lake Mead. 

The extent of the present park boundary encompasses several formerly separate 
jurisdictions: the former Marble Canyon National Monument in the northeast; the original Grand 
Canyon National Park including the inner canyon from Nankoweap to Kanab Creek along with 
the Kaibab and Coconino plateaus in the east central area; the former Grand Canyon National 
Monument including Toroweap Valley and the Havasupai Joint Use Area; and the inner canyon 
north of the river from Toroweap Valley downstream to the Grand Wash Cliffs which was 
formerly part of Lake Mead National Recreation Area. 

Climate 
The climates of the Grand Canyon are nearly as varied as the geomorphology and 

vegetation, from the desert of the inner canyon, where freezing temperatures are infrequent and 
summer temperatures often exceed 100 degrees F, to the North Rim forests, where snow covers 
the ground several months each year and maximum temperatures never exceed 90 degrees F 
(Table 1). 

The average daily maximum for the warmest month (July) on the South Rim is 
approximately 85 degrees F (some 7 degrees F cooler on the North Rim). The July monthly 
mean is approximately 69 degrees F at the South Rim and 62 degrees F at the North Rim. At 
Phantom Ranch it is 92 degrees F with temperatures over 115 degrees F quite common. The 
mean monthly temperatures for the coldest month (January) are 29 degrees F at the North Rim, 
30 degrees F at the South Rim, and 46 degrees F at Phantom Ranch. 

The Grand Canyon is located in an area subject to cyclonic weather disturbances 
originating in the northeast Pacific during the winter and moist unstable air moving north and 
northwest from the Gulf of California and Gulf of Mexico in July and August. As a result of 
these two systems, precipitation has a bimodality of occurrence in winter and summer throughout 
the region (Fig. 2). The western part of the park tends to have a winter maximum, while the 
eastern part has a summer maximum. An exception is the Kaibab Plateau which has a winter and 
not summer maximum. The spring and autumn are generally quite dry throughout the region. 

Total precipitation is highest in the higher elevations of the Kaibab Plateau where it 
reaches an annual average of over 25 inches (with a total average snow fall of over 125 inches; 
300 inches maximum recorded), while it averages around 15 inches (with a total average snow 
fall of approximately 60 inches) on the South Rim.  Phanton Ranch, located 
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in the eastern part of the canyon at an elevation of approximately 2,500 feet (750 meters) 
receives an average annual precipitation of less than 9 inches. Near Lake Mead, precipitation 
totals are probably less than 6 inches/year. 

Geology and Geomorphology 

The geologic history of the Grand Canyon area includes rocks which range in age from 
recent to over 2 billion years. The tremendous sequence in rocks, primarily dating from the 
Paleozoic and Precambrian eras, is manifest throughout the park as a result of incision into this 
rock sequence by the Colorado River. The unique and spectacular scenery of the Grand Canyon 
is due to nearly a mile of vertical incision by the Colorado River through alternating units of 
resistant and non-resistant rocks. 

The oldest rocks of the Grand Canyon, derived from the early Precambrian, consist 
chiefly of granites, gneisses, and schists. These rock types are well exposed in the inner gorge, 
especially between Hance Rapids and Elves Chasm (Babcock, Brown, and Clark, 1976). Typical 
lithologies include the Vishnu Schist and Zoroaster Granite. Landforms developed upon these 
rocks consist of steep canyon walls with little or no soil developed upon them. 

A long period of time followed the formation of these earliest rocks. Mountains were 
eroded into more gentle topography during the long period of subaerial exposure. During the 
later Precambrian (approximately 1 billion years ago), sedimentary formations together with 
some volcanic flows were laid down. These rock units are best observed in the Upper Granite 
Gorge and in the Nankoweap area. Powell named these rocks the Grand Canyon Series, now 
renamed the Grand Canyon Supergroup (Ford and Breed, 1976). 

The younger Precambrian rocks are subdivided into two groups: Unkar and Chuar. The 
Unkar Group consist primarily of the Bass Limestone, Hakatai Shale, Shinumo Quartzite, Dox 
Sandstone, and Cardenas Lavas. 

The Nankoweap Sandstone was deposited upon the Cardenas Lava. The later Chuar 
Group is comprised of the Galeros and Kwagunt Formation which consists of sandstones, shales 
and limestones. The youngest member of the Chuar Group is the Sixtymile Formation which is 
predominantly breccia and sandstone. 

The entire Grand Canyon Supergroup has been tilted 10-15 degrees. A thickness of 
approximately 13,000 feet has been observed in these rocks. Landforms typically consist of 
gently rolling hills, especially in the Nankoweap area and below Desert View.  This is due 
primarily to the very low shear strength and rapid erosion in the Grand Canyon Supergroup. The 
vegetation response to these parent materials and their resultant landforms is a very depauperate 
open vegetation formation. 

A great erosional period followed the deposition of the Grand Canyon Supergroup. This 
erosional period is seen as the Great Unconformity between those earlier rocks and the later 
Paleozoic sediments which followed by approximately 500 million years. 

The nearly horizontal sedimentary rocks comprising most of the Grand Canyon and the 
adjacent plateaus were deposited during the Paleozoic Age. Landforms developed upon these 
rocks are typically a result of their resistance to erosion. The more resistant rocks such as the 
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Redwall Limestone are cliff-formers, while the less resistant rocks such as the Bright Angel 
Shale form benches and gently rolling terrain. 

The sequence of rocks laid down during the Paleozoic includes the Tapeats Sandstone, 
Bright Angel Shale and Muav Limestone which comprise the Cambrian Tonto Group. An 
unconformity exists between the Cambrian and Devonian Ages. The Devonian is primarily 
represented by the Temple Butte Limestone. The prominent Redwall Limestone is Mississippian 
in age and one of the most spectacular formations in the canyon. It is highly cavernous and 
fossiliferous. Deposition of the Supai Formation followed during the Pennsylvanian. The Supai 
consists of numerous low cliffs and benches having a step-like appearance. 

The Hermit Shale was deposited on top of the Supai by freshwater streams during the 
Permian. The Permian Coconino sandstone overlies the Hermit Shale. It basically consists of a 
series of continuous windblown dunes. A sea covered the Coconino dunes and deposited the 
Toroweap and Kaibab Limestones. The latter covers most of the Plateau surfaces adjacent to the 
canyon. 

A remnant of Triassic rocks from the Mesozoic era occurs near Desert View where Cedar 
Mountain is composed of Moenkopi sandstones and shales and topped by the Shinarump 
conglomerate. 

Cenozoic rocks are represented in several places in the Grand Canyon by lava flows and 
volcanic intrusions. These are well expressed in the western part of the canyon near Toroweap 
Valley where Lava Falls, for example, derives its name from the volcanics. 

Recent deposits include slumps, rock falls, landslide deposits and alluvial deposits. The 
landslides and rock falls often form broad coalescing talus slopes covering hundreds of hectares 
in extent. They are found throughout the canyon but are best developed in areas of less-resistant 
rock such as the Hermit and Bright Angel Shales. The vegetation types developed upon these 
unconsolidated parent materials frequently differ from those types developed on adjacent 
residual soils. Decreased slope stability and variations in soil moisture may account for these 
changes. 

The occurrence of the Grand Canyon in an area of high elevations compared with 
surrounding terrain has been the subject of controversy for over a hundred years. 'fhe principal 
theories involve antecedence and stream capture and reversal. 

The former theory holds that the Colorado River flowed near its present course and 
maintained its position during the Kaibab uplift. The other principal theory suggests that the 
former Colorado River flowed south maintaining its course in the approximate vicinity of Marble 
Canyon but flowed southeast through what is now the Little Colorado River Gorge. Perhaps 20 
million years ago, a small stream flowing on the west side of the Kaibab uplift began headward 
erosion. Perhaps 10 million years ago it met the Colorado River near Cape Solitude and having a 
steeper gradient:, captured that larger system. The Colorado would then have reversed its flow 
into a southerly and westerly direction. Subsequent erosion resulted in the river attaining its 
present course. 

Both theories, especially the latter, allow for an isostatic adjustment or rebound which 
would result from the loss of weight of a tremendous volume of rock from the eastern portions of 
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the canyon. The surrounding plateaus could have risen by art additional increment by this 
adjustment thus resulting in the river flowing through the highest regional terrain. 

Regional Affinities of Vegetation - Previous Work 

Most of the major biotic communities of Arizona are represented in Grand Canyon 
National Park either as entire species assemblages or simply as individual characteristic species. 
The major communities represented are Rocky Mountain forest, Great Basin desertscrub and 
woodland, chaparral, mountain and desert grassland, Mohave desertscrub and Sonoran 
desertscrub (the latter only by characteristic species). Previous investigators in the park have 
generally restricted their studies to only one or two of these communities. The following review 
summarizes the published information about the park's vegetation and discusses how those 
observations fit within the regional context of the surrounding major biogeographic regions. 

Forests and Woodlands 

Coniferous forest and woodland plants of the Grand Canyon belong to the Rocky 
Mountain flora. This floristic region extends from northern Alberta to the Sierra Madre Range in 
northern Mexico; and from the Black Hills of South Dakota westward to the Cascades and 
eastern foothills of the Sierra Nevada Range in California (Daubenmire, 1943). All of the five 
Rocky Mountain vegetation zones described by Daubenmire: Spruce-Fir, Douglas Fir, Ponderosa 
Pine, Pinyon-Juniper and Oak-Mountain Mahogany, are represented at the Grand Canyon. The 
Grand Canyon flora is most closely related to the Wasatch Mountains of Utah and the high 
elevation plateaus connecting these mountains with the Grand Canyon (Cronquist et al.,1972). A 
greater number of unique species are located in the Southern Zone of the Rocky Mountain region 
than in other parts of the region (Daubenmire, 1943) of which this area is a part. 

Spruce-Fir vegetation is most widely distributed in the northern Rocky Mountains. In the 
southern part of its range it is represented in the highest elevation forests (between 9,500 feet and 
timberline) of New Mexico and Arizona (Merkle, 1954; Dye and Moir, 1977; Moir and Ludwig, 
1979; Layser and Schubert, 1979). At the southern distribution of these Spruce-Fir forests the 
geographic extent is greatly reduced - "occupying less than 0.5% of Arizona and about 2% of 
New Mexico" (Layser and Schubert, 1979). The highest area on the North Rim of the Grand 
Canyon, called Spruce-Fir by Merkle (1954), occurs above 8,700 feet and includes blue sprUCE! 
(Picea engelmannii), fir (Abies lasiocarpa), white fir (Abies concolor), ponderosa pine (Pinus 
ponderosa) and Douglas fir (Pseudotsuga menziesii). Rasmussen (1941) refers to the same area 
as mixed coniferous forest. 

Merkle (1962) describes a lower elevation association of white fir (Abies concolor) and 
ponderosa pine (Pinus ponderosa) which occurs with aspen (Populus trernuloides) and Douglas 
fir (Pseudotsuga menziesii) and ranges from 8,250 feet to 8,700 feet on the North Rim. This area 
is also included in Rasmussen's (1941) mixed coniferous forest. Merkle's Spruce-Fir forest and 
Rasmussen's mixed coniferous forest both correspond to the Douglas Fir-White Fir-Blue Spruce 
zone of the Intermountain flora, occurring from 8,000-10,000 feet (Cronquist et al., 1972). 
Spruce-Fir forest as described by Cronquist (1972) is found only on steep northfacing drainage 
slopes on the Kaibab Plateau (Dye and Moir, 1977; Layser and Schubert, 1979). 
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The greatest development of ponderosa pine (Pinus ponderosa) forests in the 
Intermountain region is reached on the Kaibab Plateau between elevations 6,5008,500 feet 
(Cronquist et al., 1972).  The ponderosa pine vegetation type was described by Merkle as 
occurring between 7,000-7,400 feet, mixing with pinyon (Pinus edulis), juniper (Juniperus 
osteosperma) and big sagebrush (Artemisia tridentata) at lower elevations and at higher 
elevations with white fir (Abies concolor) and aspen (Populus tremuloides). Rasmussen (1941) 
and Halvorson (1972) also reported on this vegetation. This zone is distributed throughout the 
western U.S. from British Columbia and the Black Hills of South Dakota to the Mexican 
boundary (Society of American Foresters, 1964). 

Pinyon (Pinus edulis) and juniper (Juniperus spp.) vegetation is found at the Grand 
Canyon on lower elevation plateaus below 6,200 feet (Merkle, 1952). Common associates are 
big sagebrush (Artemisia tridentata), Mormon tea (Ephedra virid), snakeweed (Gutierrezia 
sarothrae) and banana yucca (Yucca baccata) (Jameson et al. 1962: Schmutz et al., 1967).  The 
range of pinyon-juniper covers the western slope of the Rocky Mountain area from Northern 
Mexico to the Snake River in Idaho (Daubenmire, 1943). The primary states in which the zone is 
common are southern Colorado, New Mexico, Utah, Nevada, Arizona and California (Society of 
American Foresters, 1964). Cronquist et al (1972) note that the Pinyon-Juniper Zone "occupies 
more area in the Intermountain region than all the other forest types combined." It extends into 
the sagebrush zone at lower elevations, and is replaced by pure stands of pinyon or ponderosa 
pine at the higher elevations. The floristics and distribution of pinyon-juniper in the Great Basin 
have been studied by Tueller et al. (1979). 

Desertscrub 

The Grand Canyon is situated in a region of transition between three of the four major 
desert regions of North America. To the south along the valley of the lower Colorado River the 
Sonoran Desert is characterized by a two-season rainfall regime and absence of freezing 
temperatures. To the west the Mohave Desert has winter rains and frequent freezing 
temperatures. To the north the Great Basin Desert also receives winter rains, although more than 
the Mohave, and it is subject to long, severe winter freezes. 

The differing climates of these regions determine the floristic composition of each 
(Beatley, 1975). The frequency and intensity of freezing weather is the primary determinant of 
vegetation diversity among these desertscrub formations. Great Basin desertscrub, which 
experiences the longest, most extreme freezing weather, generally has the lowest diversity of the 
three, both in species and growth forms. Mohave desertscrub often has higher local species 
diversity, but relatively simple physiognomy dominated by shrubs. Of the three, Sonoran 
desertscrub is the most diverse, both in species and variety of growth-forms (Shreve, 1964). 

Within the park, Great Basin desertscrub has been described from Boysag Point 
(Schmutz et al., 1967) and Fishtail Mesa (Jameson et al,, 1962).  The vegetation described by 
these authors is dominated by big sagebrush( Artemisia tridentata) rabbitbrush (Chrysothamnus 
spp.), Mormon tea (Ephedra spp.) and a variety of perennial grasses such as blue grama 
(Bouteloua gracilis), Indian ricegrass (Oryzopsis hymenoides) and needle-grasses (Stipa spp.). 
These associations are typical of extensive sagebrush-dominated stands of the Great Basin 
(Shreve, 1942). 
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Desert vegetation of the inner canyon has been described in both the western part of the 
park (Phillips, 1975; Van Devender and Mead, 1976) and the eastern part (Cole, 1981). The 
species composition of the inner canyon is a mixture of Mohave Desert species, such as 
turpentine broom (Thamnosma montana), bladder sage (Salazaria mexicana), rabbitbrush 
(Chrysothamnus spp.), blaekbrush (Coleogyne ramosissima) and others, as well as frost-sensitive 
species more characteristic of the Sonoran Desert, such as brittle bush (Encelia farinosa), 
catclaw acacia (Acacia greggii) and ocotillo (Fouquieria splendens). The occurrence of frost-
sensitive species decreases upstream from the Grand Wash Cliffs, where the diversity of warm-
desert species in the park is at its peak (Phillips and Phillips, 1979). 

 
Riparian Woodland and Scrub 

Riparian woodland and scrub occurs in suitable environs throughout the Southwest. Its 
presence at elevations below 6000 feet often contrasts sharply with the adjacent arid and 
semiarid upland landscape. Riparian vegetation occurs in areas where soil moisture is 
sufficiently high to support plant communities more mesic than the surrounding drier uplands. 
These riparian wetland communities may be found growing on the banks of permanently flowing 
streams, at large springs, on the banks of montane lakes or playas (dry lake beds), or along desert 
arroyos. 

Riparian woodlands (or forest) characterized by cottonwood-willow associations are 
primarily restricted to the larger perennial streams and drainages of the Colorado Plateau region 
of northern Arizona. The great biological importance and floristic diversity of these cottonwood-
willow riparian forests is disproportionate to their limited total area. The distribution and 
composition of riparian forests within the region, outside of Grand Canyon, are described by 
Woodbury and Russell (1945), Behle et al (1958), Woodbury (1959), Woodbury et al (1959), 
Bradfield (1974), and Irvine and West (1979). 

Riparian scrub usually occurs along ephemeral or intermittent watercourses (such as 
desert arroyos), or in narrow canyons which are periodically scoured by floods. Riparian scrub 
communities are characterized by a broad continuum of vegetative associations that range from 
mesic vegetation types to xeric growth along desert arroyos (Brown et al, 1980). These arroyos 
often contain water only one day or less each year and the resulting vegetation is commonly 
composed of a mixture of facultative riparian species and upland species. This is in contrast to 
mesic species which are generally absent from the surrounding uplands. Woodbury and Russell 
(1945), Behle et al (1958), Woodbury et al (1959), Woodbury (1959), Bradley and Deacon 
(1967) and Bradfield (1974) describe riparian scrub (or "desert riparian") within the region. 
While the appearance of riparian scrub is less dramatic than riparian forest or woodland, this is 
nevertheless a unique, highly diverse vegetative association. Upland species occurring in these 
xeric riparian situations often occur in greater densities, as more robust individuals, or both. 

Riparian forest or woodland associated with large spring systems ("spring riparian" of 
Bradley and Deacon, 1967) are rare in northern Arizona. Grand Canyon and Oak Creek Canyon 
are the two places where these uncommon, localized and highly diverse riparian systems occur. 
Woodbury (1959) describes the riparian vegetation associated with smaller springs in the Glen 
Canyon area. 

Clover and Jotter (1944) were the first to describe a portion of the riparian vegetation 
occurring along the Colorado River and its tributaries within the Grand Canyon. Upstream 
construction of Glen Canyon Dam in 1963 greatly altered riparian vegetation along the Colorado 
River, by reducing the peak annual flow and allowing sand bars along the river to stabilize. This 
new habitat has been colonized primarily by introduced species. The development of a "new" 
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riparian zone composed partly of exotic plants, such as saltcedar (Tamarix chinensis), 
camelthorn (Alhagi camelorum) and others, has been documented by Dolan et al. (1974), 
Carothers and Aitchison (1976), Johnson (1977), Carothers et al. (1979), and Turner and 
Karpiscak (1980). Phillips et al. (1977) mapped the riparian vegetation along the river. 

Side canyons throughout the park with perennial water support riparian vegetation 
characterized by cottonwood (Populus fremontii) and willow (Salix spp.), which is generally 
very similar to that found in similar situations throughout northern Arizona (Phillips and Phillips, 
1979). However, a few of the large karstic springs such as Roaring Spring and Thunder River 
support floras which are unusually diverse and contain relatively uncommon species such as 
scarlet sumac (Rhus glabra), water birch (Betula occidentalis), red-osier dogwood (Cornus 
stolonifera), Knowlton hop-horn bean (Ostrya knowltoni), and Ceanothus martini (Phillips et al., 
1979). 
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METHODS 

The methods used to produce the vegetation map were in part developed by ARSP 
(Mouat et al., 1981; Warren et al., 1981) and in part adapted by ARSP from techniques 
developed elsewhere (e.g., Poulton et al., 1971; Johnson et al., 1974; Kuchler, 1977). These 
techniques involved the development of a vegetation classification and description system and a 
mapping methodology. 

The mapping methodology involved the use of remote sensing techniques combined with 
field verification. Use of aerial photography permits accurate delineation of image features, such 
as color, texture, pattern, etc., while field work is necessary to identify those features, which may 
indicate vegetation, soil, or other natural resource features. In mesic areas where vegetation is 
relatively dense, vegetation features can be observed directly on the photographs. In more arid 
areas, where vegetation is sparse, it frequently cannot be directly observed on photos of the scale 
used for this project. Much of the Grand Canyon falls in the latter category. In areas where 
vegetation features cannot be observed directly on aerial photography, vegetation distribution 
must be inferred from analysis of terrain features. Depending upon the desired level of mapping 
detail, terrain-analysis has application to mesic as well as xeric vegetation. The essential 
prerequisite for accurate mapping by terrain analysis is thorough documentation of 
vegetation/terrain relationships derived from extensive field sampling. 

The several steps involved in producing final maps fall into three major phases as 
outlined here: 

I. Preliminary Activities. 

A. Aerial photography acquisition. 
B. Review of existing data and literature. 
C. Preliminary photo interpretation and image delineation.  
D. Field itinerary planning. 
 

II. Field Work 

A. Sample site selection. 
B. Site documentation. 
C. Two-stage sampling strategy. 
 

III. Final Laboratory Work. 

A. Data analysis/vegetation classification. 
B. Stereoscopic photo analysis and map preparation. 
C. Final map drafting and revision. 
 

For logistic reasons, almost the entire sequence of mapping activities was completed in 
each of several regions within the park before work was begun in other areas. Thus, a draft map 
of the Toroweap area was completed before we began work on the North Rim. Final drafting and 
revision of all maps was done at the end of the project because in some cases vegetation 
associations on early map drafts were revised on the basis of data gathered toward the end of the 
project. 



 14

Aerial Photography 

Aerial photos were used for interpretation of vegetation types and initial delineation, field 
verification, and final drafting of vegetation types. Photographic coverage for the entire park was 
obtained, including both existing coverage for some areas and newly acquired photographs 
where the existing photos were lacking or inappropriate for the requirements of the vegetation 
mapping methodology. All photography used was of scale 1:24,000, taken with either natural 
color or color infrared film. 

An entire set of the photography is on file at the Resources Management Office of Grand 
Canyon National Park. A duplicate set of the aerial photography is located at ARSP. 

Data sources contracted during the project included two aerial surveys conducted by 
Aerial Mapping of Phoenix, Arizona, which comprise the greatest area of photographic 
coverage. An aerial survey conducted in 1978 covered the eastern half of the park, and a survey 
conducted in 1980 covered the western third of the park. The photography was acquired at a 
scale of 1:24,000 with a color 9" X 9" format. Standard 60% + forward overlap and 20% + side 
overlap was obtained in order to ensure complete stereoscopic coverage. Color photography 
was chosen instead of color infrared photography for the following reason. Most of the Grand 
Canyon is either arid or semiarid. As such, the bare soil dominates much of the surface. Bare soil 
is better discriminated on natural color than on color infrared photography. Since soil 
geomorphologic units correlate well with vegetation types in arid and semiarid areas, color 
photography was felt to be an ideal data source. 

Some areas within the park are covered by moderately dense to dense coniferous forest 
and mixed deciduous shrub types. In these areas, color infrared photography would have been 
preferred to natural color. The areas, however, covered less than 20% of the park's area and were 
also accessible by roads. Thus, increased ground examination could be carried out in those areas 
to ensure reliability. 

Complete sets of existing aerial photography were obtained for the Havasupai Indian 
Traditional Use Area and for the Monument Area. Color photography of a portion of the canyon 
flown by Slaymaker Photography in 1977 is on file at ARSP. That photography covered the 
Havasupai Indian Reservation including the Traditional Use Area and other adjacent Park 
Service lands. The scale was 1:24,000, and although the color balance was outstanding, the 
resolution was marginal (shrubs 1 meter in diameter were not visible) and the coverage of Park 
Service lands was small. 

Color infrared photography covering the western portion of the park, scale 1:24,000, was 
flown for the Bureau of Land Management (BLM) in 1976 for a survey of a large area of BLM 
lands in northwestern Arizona. The photography was purchased for the monument area only, 
although the Lake Mead-Shivwits Plateau area is covered by this mission. This area is covered 
by the Aerial Mapping 1980 photography. 

A small gap in photographic coverage for the park occurs in the vicinity of SB 
Point on the Kanab Plateau. A U-2 color infrared photo of the region was enlarged to a 
scale 1:30,000 to cover this region. Because the color balance and resolution were poor, 
this coverage was supplemented by 35 mm color slides and prints taken from a low-flying 
aircraft by Warren, Reichhardt and Johnson. The U-2 and 35 mm photos are on file at 
ARSP. 
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Preliminary Activities 

Preliminary reconnaissance was essential to plan strategies for the more intensive work to 
follow. Literature on Grand Canyon plant ecology was reviewed to gain an understanding of the 
broad patterns of plant distribution. Field reconnaissance allowed for greater familiarity with the 
variety of vegetation types and diversity of terrain to be found at Grand Canyon National Park. It 
gave us an appreciation for general vegetation/terrain relationships and for spatial variations and 
distributions within vegetation types. This understanding was essential for the more intensive 
work which followed. 

The training of field personnel was an integral part of the project because several park 
service employees who were unfamiliar with the mapping methodology assisted with fieldwork. 
It was essential that field personnel be consistent in their observations and in the manner in 
which they delineated and later identified vegetation types. Thus, decision criteria, field forms, 
and oral instruction were provided to ensure this consistency. 

Preliminary Photo Interpretation 

Before field work was begun, all aerial photos were inspected and field work itineraries 
were planned on the basis of preliminary photo interpretation. Delineations of probable mapping 
units were made on the basis of image characteristics such as color, texture, patterns, and other 
recognizable elements, particularly terrain features. Delineations were made on acetate overlays 
directly over the photos. Field work was planned so that all of the different image-classes in the 
region were visited and documented. 

Field work served to relate actual vegetation associations with image features delineated 
on the photographs during preliminary photo-interpretation activities. In some cases, areas on the 
photos with different image characteristics, for example differences in soil color, represented the 
same vegetation type and the different preliminary units were combined. In other cases, field 
work showed that some preliminary mapping units could be further subdivided into identifiable 
vegetation associations on the basis of more subtle discriminations than were used to perform the 
preliminary delineations. 

In the arid portions of the Grand Canyon, techniques which involved the discrimination 
of vegetation through terrain correlation were found to be effective. Terrain variables which were 
interpretable (or were readily obtainable from topographic maps) and which were used to 
correlate with vegetation included: landform, elevation, slope angle, aspect, surface parent 
material, and geologic formation. 

Sample Site Selection 

An effort was made to sample homogeneous representative examples of each vegetation 
type. For example, in a situation where a soil-controlled transition occurs between one type on a 
terrace and another on an adjacent rocky hillslope, the sample area recorded on one form would 
not include both the hillslope and the terrace. As a result of terrain-related restrictions, some site 
samples may cover a larger area than others. For example, a discrete identifiable type may 
occupy a small hillside next to an extensive blackbrush flat. It may be clearly possible to sample 
a much larger area in the blackbrush type and still remain within a uniform representative 
example of the type. Although sampling biases such as these cannot be completely eliminated, 
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standardization of sampling intensity among types was improved by restricting the area sampled 
to between 1/2 and 1 hectare. 

Site Documentation 

Field observations were recorded on a standardized field form (Fig. 3). A total of almost 
1,500 sites were sampled, all of which were located on topographic base maps and aerial photos 
for future relocation. Data included a species list usually presented in an alphameric acronym 
consisting of the first two letters of the genus and species names (e.g., "Pied" indicates Pinus 
edulis) together with estimates of the plant species height, prominence and cover. Prominence 
values were used to give an indication of the relative importance of each species in a stand. 
These values are subjectively derived and are included for comparative purposes. Prominence 
ratings range on a scale from 1 to 5. If one species was clearly dominant, its prominence would 
be "5". Two or more codominants would be indicated by "4". Highly prominent but subdominant 
species also received a "4". Species which are common and characteristic of a site would receive 
a "3". They are readily observed throughout the stand. Occasional species usually having a cover 
of less than 1% receive a value of 'T2," and uncommon species which are noticed only after 
careful examination or which only occur once or twice in a stand are assigned a prominence 
value of "1" The cover for each species and for the entire vegetation assemblage was estimated at 
each site and recorded. 

Botanical nomenclature followed Lehr (1978). McDougall (1973) was referred to for 
species identifications and distributions. A few closely related pairs of species were difficult to 
separate in some circumstances and were treated together in some type descriptions. These 
include Artemisia tridentata/A. nova, Quercus turbinella/Q. undulata, Ephedra viridis/E. 
nevadensis, and Fraxinus anomala/F. cuspidata. 

Several terrain features were recorded on the field form. Their characteristics were 
standardized and indicated on the form. Those terrain features which were documented for each 
site include landform, slope angle and aspect, degree of dissection, elevation, general surface 
lithology and formation, and soil characteristics (surface soil texture as well as percentage of 
gravel and rock at the surface). Additional comments or notes regarding the physical 
characteristics of the site were recorded on the form as considered necessary by the observer. 
The location of each documentation site was made directly on the aerial photograph. A 35 mm 
color photograph was taken of each vegetation association. 

Two-Stage Sampling Strategy 

A two-stage sampling scheme was used which provided detailed information about local 
distribution of vegetation associations as well as documentation of the predictability of each 
association over large, inaccessible areas. The method involved first, intense local sampling 
within limited areas followed by extensive lowintensity sampling between areas of intensive 
sampling. The first stage documented patterns of distribution and the second stage verified that 
the patterns were continuous over a large area. 

Intensive sampling was generally carried out on foot over a period of several days spent 
in areas with easy access, such as along roads, trails, and the river. Sample sites were chosen on 
all topographic situations and at all elevations within the intensive sample area. These intensive 
data served as the primary source for describing distribution of vegetation associations. 
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After distribution patterns were determined by intensive sampling, extensive sampling was 
performed, usually by helicopter, to make certain that the patterns were reliable over large areas. 
Usually two to four sites were sampled at each helicopter stop. When inconsistencies were 
observed during the second stage, additional high-intensity sampling was performed in the 
problem area. 

Vegetation Classification 

The classification of field data into the final vegetation associations was based on two 
major considerations. The first was floristic similarity among sites, that is, the number of plant 
species which were shared between sites. The second is the similarity of terrain features, 
particularly landforms and soil features, among sites. The preliminary classification was 
determined by a comparison of presence or absence and relative abundance of plant species 
among the numerous sample sites. However, the final classification was significantly affected by 
the consistent occurrence of floristic associations with particular terrain features. 

All of the site data were classified manually on the basis of floristic similarity and 
summarized in Jabular form (as described by Shimwell, 1971; and MuellerDombois and 
Ellenberg, 1974). In this manner, the results of numerous field sites can be collated and 
compared quickly and conveniently (see Table 2). Each column in the data summary table 
represents one field documentation site and each row indicates one species, with the prominence 
value for each plant species entered in the columns of the sites in which they occur. Inspection of 
the summary tables readily shows patterns of association among some plant species and lack of 
association among others. Those with reliable association patterns are considered to be the 
characteristic species of the vegetation types which were described in the final classification. 

Following preliminary classification based on floristic analysis, the types were re-
evaluated on the basis of the photointerpretation of each type. After consideration of the 
interpretability of each type, preliminary classes may be recombined or divided to form the final 
types which serve as mapping units. The sample sites in each type were summarized on the basis 
of distribution and floristics. The number of sites used to document each association ranged from 
1 to 95, with larger sample sizes present in associations with wider distribution. In the case of 
very restricted types, a single sample could represent the entire distribution range of the 
association. For types covering extensive areas, numerous samples were taken to document the 
variation within the types. In general, 10 to 15 samples were found to be adequate to document 
the composition of an association. 

Cartography 

Four steps were involved in the production of the maps. First, as stated previously, 
delineations of vegetation types were drawn on clear acetate overlays of the color aerial 
photographs at a scale of 1:24,000. Second, the mapping units were redrawn at a scale of 
1:62,500 on larger acetate overlays of planimetrically accurate topographic base maps. 
Vegetation type boundaries were revised and corrected on this rough draft. Third, the corrected 
vegetation types were drafted directly onto a dimensionally stable photo mylar of the 
topographic base map. The base maps were screened to 60% to reduce the intensity of 
topographic data and to allow the vegetation mapping lines to stand out. The fourth and final step 
was the photographic reproduction of the maps onto frosted mylar, a sturdy material which  
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resists dimensional distortion with changes in temperature and humidity. Inexpensive "black-
line" paper copies can be made from the photo mylar. 

Four maps were produced at a scale of 1:62,500 to cover the park (Fig. 4). The base maps 
for the East Central and West Central sheets were existing maps acquired from the USGS. The 
latter map was reduced from the original scale of 1:48,000 to 1:62,500. The base maps for the 
Eastern and Western sheets are composite maps assembled and photographed from paper copies 
of individual USGS topographic maps. Because these last two maps are composites, the contour 
interval varies. An index of the original topographic maps and their respective contour intervals 
has been provided on the maps. 

There are many variations in vegetation structure and floristics within and among the 
vegetation types. Several techniques were used to account for these variations. Local differences 
in species composition within a single type are treated in the type descriptions. Variations over 
larger distances which are too fine to map are indicated by cartographic techniques. Two 
mapping techniques are used to depict this variation: 

(1) Gradients between vegetation types which change gradually from one to another 
over a distance of one or two kilometers cannot be accurately represented by a 
solid line. In such cases, a dashed line represents the gradual transition. One 
example is on the North Rim, where forest types intergrade in response to 
elevation and related factors. 

(2) Two or more vegetation types whose occurrences change repeatedly over small 
intervals caused by a myriad of factors (including, for example, presence of rock 
outcrops) and which cannot be mapped separately due to the map scale, may be 
dealt with cartographically by treating the intermixed types as a complex. In this 
case, the numerical designators of both types appear in the map unit with a slash 
separating one type from the other with the more abundant type appearing first. 
For example, on the West Central Sheet, stands of pinyon-juniper with big 
sagebrush and cliffrose are distributed throughout the pinyonjuniper woodland, 
forming a mosaic of the two. This unit is designated as 122.4144/122.4145. 
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RESULTS 
 

A total of 63 vegetation associations were identified and mapped in the park on the on the 
basis of data gathered from nearly 1,500 sample sites.  Descriptions of these associations, as well 
as accounts of general patterns in the major communities, follow here. 
 

Description Format 
 
 The format of the vegetation type descriptions includes the type name and three 
descriptive components: distribution, floristics, and physiognomy. The information provided in 
the type de criptions allows both the resource manager and the resource scientist to better and 
rstand the important attributes of each type. It will also allow for flexibility in cons dering the 
type at larger or smaller scales than that (:1:62,500) which is displayed on the maps. A summary 
of the vegetation classification (Table 3) precedes the descriptions. 

The vegetation types described were identified based on the hierarchical system of 
Brown, Lowe and Pase (1979). This system is based on physiognomic and geographic 
characteristics at lower levels.  The classification developed for this project deviates from that 
one in that the type descriptions at the seventh level are based on field observation and the 
summarization of data for each vegetation type sampled.  In some cases, limitations of mapping 
scale permitted description and identification only to the fifth or sixth level, for example in high 
elevation meadows where species composition changes dramatically along local moisture 
gradients.  A standardized classification structure such as this is useful for comparison of work in 
different areas, but it important to bear in mind that the final results will depend more heavily 
onclassification procedures than on the classification system. 

Distribution 

The distribution description of of each type includes its geographic range as well as its 
physiographic and elevational range.  Local distribution patterns are also described emphasizing 
small scale variation in slope aspect and steepness, soil type and other terrain features pertinent 
to the type.  The relation to other types or uniqueness of local situations  

Floristics 

The floristic characteristics of the vegetation types, including the plant species present 
and relative abundance of those species, comprise the primary information by which the types 
are defined and distinguished from one another.  The floristic components of each type are 
presented as “characteristic” species or “associated” species and are characterized by average 
prominence (range and mean) and frequency values (described rpeciously).  The frequency 
index, expressed in terms of the percent of samples in an association in which a species occurs, 
has been used to illustrate the constancy of species within an association. 

Those species which occur in more than 50% of the sites sampled and have a prominence 
of at least 2.9 are classified as “characteristic” species.  The name of the type is based on the 
three (sometimes two or four) mort characteristic species of the type.  The plants classified as 
“associated” species may occasionally be fairly abundant, but they are generally irregular in 
occurrence and are not reliable indicators for defining a type.  Species occurring in less than 20  
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TABLE 3.  Vegetation Associations of Grand Canyon National Park.+ 
 
120 Forest and Woodland Formation 

121  Boreal Forests and Woodlands 
121.3 Rocky Mountain Subalpine Conifer Forest and Woodland 
121.31  Engelmann Spruce – Alpine Fir Series 
121.311  Picea engelmannii – Abies lasiocarpa Association 

 *121.3111  Picea engelmannii – Abies lasiocarpa – Populus tremuloides 
121.317  Picea engelmannii – Mixed Conifer Association 

*121.3171  Picea engelmannii – Abies concolor – Pinus ponderosa 
*121.3172 Populus tremuloides – Pinus ponderosa – Picea engelmannii 

122 Cold Temperate Forests and Woodlands 
122.3 Rocky Mountain Montane Conifer Forest 
122.31 Douglas Fir – White Fir Series 
122.312 Pseudotsuga menziesii – Abies concolor Association 

   *122.3121 Pseudotsuga menziesii – Abies concolor – Robinia neomexicana 
122.32 Pine Series 
122.321 Pinus ponderosa Association 

*122.3211 Pinus ponderosa – Populus tremuloides – Picea engelmannii 
*122.3212 Pinus ponderosa – forbs 
122.322 Pinus ponderosa – Mixed Conifer Association 
122.3221 Pinus ponderosa – Populus tremuloides – Abies concolor 

Pseudotsuga menziesii 
*122.3222 Populus tremuloides – Pinus ponderosa – Picea engelmannii 
122.323 Pinus ponderosa – Quercus gambelii Association 

*122.3231 Pinus ponderosa – Robinia neomexicana – Quercus gambelii 
*122.3232 Pinus ponderosa – Pinus edulis – Cowania mexicana – Artemisia 

nova 
*122.3233 Pinus ponderosa – Pinus edulis – Quercus gambelii – Juniper 

osteosperma 
*122.3234 Pinus ponderosa – Quercus gambelii – Artemisia tridentate 

122.326 Pinus ponderosa – Picea engelmannii Association 
*122.3261 Pinus ponderosa – Picea engelmannii – Populus tremuloides 

122.327 Pinus ponderosa – Abies concolor Association 
*122.3271 Pinus ponderosa – Abies concolor – Populus tremuloides – Picea 

engelmannii 
*122.3272 Abies concolor – Pinus ponderosa – Populus tremuloides – Poa 

pratensis 
*122.3273 Pinus ponderosa – Abies concolor – Populus tremuloides – 

Robinia neomexicana 
*122.3274 Pinus ponderosa – Abies concolor – Quercus gambelii – Robinia 

neomexicana  
 

+ Adapted from the system of Brown, Lowe and Pase (1979). 
* Vegetation types used as mapping units. 
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TABLE 3. (continued) 
 

122.4 Great Basin Conifer Woodland 
122.41  Pinyon-Juniper Series 
122.414 Pinus edulis – Juniper Osteosperma Association 

 *122.4141 Pinus edulis – Juniperus osteosperma – Quercus turbinella -  
Cercocarpus intricatus 

*122.4142  Juniperus osteosperma – Pinus edulis – Ephedra viridis - Quercus 
turbinella 

*122.4143  Juniperus osteosperma – Pinus edulis – Artemisia tridentate - 
Ephedraviridis 

 *122.4144 Juniperus osteosperma – Artemisia tridentate – Pinus edulis - 
Yucca baccata 

 *122.4145 Pinus edulis – Juniperus osteosperma – Artemisia tridentate – 
Cowania mexicana 

 *122.4146 Pinus edulis – Quercus turbinella – Arctostaphylos pungens – 
Juniperus osteosperma 

 *122.4147 Coleogyne ramosissima – Pinus edulis – Juniperus osteosperma – 
Ephedra viridis 

 *122.4148 Pinus edulis – Amelanchier utahensis – Quercus gambelii – 
Juniperus osteosperma 

 *122.4149 Pinus edulis – Juniperus osteosperma – Poa pratensis - Yucca 
baccata 

 *122.41410 Mortonia scabrella – Pinus edulis _ Quercus gambelii 
 *122.41411  Juniperus osteosperma – Pinus edulis – Ephedra viridis –

Glossopetalon nevadensis 
122.7 Rocky Mountain Deciduous Forest 
122.71 Aspen Series 
122.711 Populus tremuloides Association 

*122.7111 Populus tremuloides – Pinus ponderosa 
 
130 Scrubland Formation 
  

133 Warm Temperate Scrubland 
133.3 Interior Chaparral 
133.31 Scrub Oak Series 
133.311 Quercus turbinella Association 

*133.3111 Quercus turbinella – Arctostaphylos pungens 
 
140 Grassland Formation 
 
 142 Cold Temperate Grasslands 
 142.2 Great Basin Shrub – Grassland 

142.25 Great Basin Shrub – Grassland Disclimax Series 
142.251 Hilaria rigida Association 

*142.2511 Hilaria rigida – Bromus tectorum – Gutierrezia sarothrae 
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TABLE 3 .  (continued) 
 

142.4 Rocky Mountain Montane Grassland 
142.41 Mixed Meadow Series 
*142.411 mixed Grass-Forb Association 

 
 143 Warm Temperate Grasslands 

143.1 Scrub-Grassland (Semidesert Grassland) 
143.11 Grama Grass-Shrub Series 
143.113 Bouteloua eriopoda – Mixed Grass-Mixed Shrub Association 
143.1131 Boutelous eriopoda – gutierrezia sarothrae – Eurotia lanata – 

Atriplex canescens 
 

150 Desertland Formation 
 

 152 Cold Temperate Desertlands 
152.1 Great Basin Desertscrub 
152.11 Sagebrush Series 
152.111 Artemisia tridentata Association 

*152.1111 Artemisia tridentata - Gutierrezia sarothrae - Bouteloua 
gracilis 

*152.1112 Artemisia tridentata - Juniperus osteosperma - Pinus edulis 
 152.112 Artemisia tridentata - Mixed Desertscrub Association 

* 152.1121 Artemisia tridentata - Gutierrezia sarothrae - Ephedra 
viridis 

152.114  Artemisia sp. - Atriplex sp. Association 
*152.1141 Artemisia tridentata - Atriplex canescens - Ephedra viridis 
*152.1142 Artemisia nova - Atriplex canescens - Ephedra viridis 152.13
 Blackbrush Series 

151.131 Coleogyne ramosissima Association 
* 152.1311 Coleogyne ramosissima - Ephedra viridis - Yucca baccata 

152.15 Winterfat Series 
152.153 Eurotia lanata - Atriplex sp. Association 

* 152.1531 Eurotia lanata - Atriplex canescens - Ephedra viridis 
152.16 Mixed Scrub Series 
152.162 Mixed Scrub Association 

* 152.1621 Quercus turbinella - Gutierrezia sarothrae - 
Nolina microcarpa - Coleogyne ramosissima 

152.17 Saltbush Series 
152.172 Atriplex canescens Association 

* 152.1721 Atriplex canescens - Artemisia tridentata - Gutierrezia 
sarothrae 

* 152.1722 Atriplex canescens - Yucca baccata - Gutierrezia 
sarothrae 

*152.1723 Atriplex canescens - Eurotia lanata - Ephedra viridis 
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153 Warm Temperate Desertlands 
153.1  Mohave Desertscrub 
153.11  Creosotebush Series 
153.111  Larrea tridentata Association 

* 153.1111  Larrea tridentata - Opuntia basilaris - Fouquieria splendens 
153.112  Larrea tridentata - Ambrosia dumosa Association 

* 153.1121  Larrea tridentata - Ambrosia dumosa - Ephedra spp, 
153.12  Blackbrush Series 
153.121  Coleogyne ramosissima Association 

*153.1211  Coleogyne ramosissima - Ephedra spp. - Yucca baccata 
*153.1212 Coleogyne ramosissima - Yucca brevifolia - Yucca baccata 
* 153.1213  Coleogyne ramosissima - Yucca baccata - Cowania 

mexicana - Agave utahensis 
153.17  Saltbush Series 
153.172  Atriplex hymenelytra Association 

*153.1721  Atriplex hymenelytra - Larrea tridentata - Ambrosia 
dumosa 

153.173  Atriplex canescens Association 
*153.1731  Atriplex canescens - Opuntia erinacea - Prosopis 

glandulosa 
153.174 Atriplex confertifolia Association 

*153.1741 Atriplex confertifolia - Ephedra nevadensis - Opuntia 
basilaris 

153.18 Globe mallow Series 
153.181  Sphaeralcea ambigua Association 

* 153.1811  Sphaeralcea ambigua - Ephedra nevadensis - Larrea 
tridentata 

*153.1812  Sphaeralcea ambigua - Dalea fremontii - Fouquieria 
splendens 

153.19  Brittlebush Series 
153.191  Encelia farinosa Association 

*153.1911  Encelia f arinosa - Larrea tridentata - Ferocactus 
acanthodes 

*153.1912  Encelia farinosa - Ephedra spp. - Acacia greggii 
153.110  Mormon Tea Series 
153.1101 Gutierrezia sarothrae - Ephedra viridis Association 

*153.11011 Gutierrezia sarothrae - Ephedra viridis - Agave utahensis 
*153.11012 Ephedra spp. Salvia carnosa - Lycium andersonii  

153.11013 Ambrosia dumosa - Ephedra nevadensis - Ferocactus 
acanthodes 

*153.11014 Ephedra viridis - Gutierrezia sarothrae - Lycium andersonii 
*153.11016 Ephedra viridis - Hilaria rigida - Sphaeralcea ambigua 
*153.11017  Ephedra nevadensis - Coleogyne ramosissima - Larrea 

tridentate 
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TABLE 3.  (continued) 
 
220 Wetland Forest Formation 

 223  Warm Temperate Swamp and Riparian Forests 
 223.2 Interior Southwestern Riparian Deciduous Forest and 

Woodland 
223.21  Cottonwood - Willow Series 
223.212  Populus fremontii Association 

*223.2121  Populus fremontii - Brickellia longifolia - Acacia greggii 
 

250 Strand Formation 
 253 Warm Temperate Strands 

253.4 Mohavian Interior Strand 
253.42  Mixed Scrub Series 
253.422  Acacia greggii Association 

*253.4221  Acacia greggii – Baccharis spp. - Fallugia paradoxa 
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percent of the sites sampled in an association were considered to be “occasional” species.  The 
list of species in this section should not be treated as a complete flora of each vegetation type 
because field sampling was performed over a limited area and during a limited time within each 
type. 

 
Physiognomy 
The primary structural features include: a) dominant plant growth form; b) leaf characteristics, 
such as size and phenology and morphology (i.e., deciduous, evergreen, sclerophyllous) for the 
dominant species; c) community structure or arrangement (spacing and height of dominants or 
codominants); d) description of lower synusia and ground cover (including phenology where 
appropriate); and e) estimated total percent cover. 

 

Forests 

Coniferous forests are found only on the high plateau regions of the park which include 
the Kaibab Plateau (North Rim), Powell Plateau, Coconino Plateau (South Rim) and Uinkaret 
Plateau (Mt. Emma). The greatest diversity of forest types occurs on the Kaibab Plateau which 
reaches an elevation of approximately 9,150 feet (2,790 meters) at the highest point in the park. 

Four major coniferous forest communities are distributed in broad elevational bands 
across the North Rim. At the highest elevations, from approximately 8,800 to 9,150 feet, is a 
mixed coniferous forest dominated by Picea engelmannii, Abies concolor and Pinus ponderosa 
with Pseudotsuga menziesii and Abies lasiocarpa as common associates. From roughly 8,400 to 
8,800 feet the next major community is dominated by Pinus ponderosa and Abies concolor with 
Pseudotsuga menziesii and Picea engelmannii as subordinate species. At lower elevations the 
diversity of tree species decreases rapidly. The third major forest community, occurring from 
approximately 8,000 to 8,400 feet, is dominated by Pinus ponderosa and Abies concolor with 
only infrequent occurrence of other tree species. The fourth major community, which forms a 
broad belt extending from approximately 8,000 feet to the plateau rim at approximately 7,600 
feet, is composed of Pinus ponderosa as the single dominant in open parklands or with an 
understory of deciduous trees and shrubs. The one abundant deciduous tree of the plateau, 
Populus tremuloides, is common throughout all of these forest communities, occasionally 
forming stands with few coniferous trees present. The description of stands of P. tremuloides 
(122.7111), which are apparently non-successional, appears out of numerical order because it has 
been grouped with other forest types. 

A mosaic of vegetation associations is found within the general pattern of the four bands 
of forest communities. A series of small valleys cuts across the elevational pattern described 
above. Within each valley the vegetation is affected by slope exposure and soil texture. The 
heavy, frequently waterlogged soil of the valley bottoms supports meadows of mixed grasses and 
herbs. North-facing slopes permit Picea engelmannii and Abies lasiocarpa to extend to lower 
elevations than on the level plateau surface. The south-facing valley slopes are frequently choked 
with thickets of deciduous shrubs under a canopy of Populus tremuloides. In protected situations 
some forest species extend over the rim onto steep canyon slopes. Pinus ponderosa and 
Pseudotsuga menziesii are commonly found in such slopes with an understory of deciduous 
shrubs including Quercus gambelii, Robinia neomexicana and Amelanchier utahensis. 



 29

Forested areas on plateaus other than the Kaibab Plateau are all below 7,600 feet 
elevation, and consequently do not possess the variety of tree species found on the Kaibab 
Plateau. The lower elevation plateaus (Powell, Uinkaret and the South Rim) are characterized by 
Pinus ponderosa forests with deciduous species, particularly Quercus gambelii, and Pinus 
ponderosa associated with Pinus edulis, Artemisia tridentata and other woodland and cold-desert 
species. 

Descriptions of the seventeen forest associations used as mapping units in Grand Canyon 
follow here. 
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